We have measured the cross section for the 1 H( 7 Li,α) 4 He reaction at lithium beam energies from 0.34 to 1.05 MeV. Hydrogen was forced by diffusion into Pd and PdAg alloy foils. A large electron screening effect was not observed at high hydrogen concentrations, while at low H/metal ratio the results are inconclusive. A dependence of the screening potential on Hall coefficient of the metallic host could not be confirmed.
Due to Coulomb repulsion the cross section σ for charged particle induced nuclear reactions drops rapidly with decreasing beam energy. To separate the strong energy dependence the astrophysical S factor is introduced. The cross section is then written as a function of c.m.s. energy E as 
It is known that the cross section increases at low energies when the interacting nuclei are not bare, i.e. are in the form of atoms and molecules or in plasma [1] . The enhancement ratio could be written as ( ) ( ) , ( ) e E U f E E σ σ + = (2) where U e is the screeening potential energy. It was recently observed by two independent groups that the cross section for various light ion reactions increases even more when one of the reactants is implanted into a metal [2] [3] [4] [5] . The cross section increase was attributed to metallic valence electrons, which may come closer to the implanted ion and more effectively screen its charge than in an atom. However, the size of the screening effect strongly depends on the host material and the reason for this dependence is not known. Raiola et al. [6] have observed a connection between U e and the Hall coefficient of the metallic host, while Kasagi [2] suggested that U e depends on deuterium concentration in the metal. To further investigate electron screening in metals we tried to test both hypotheses by studying the effect in Pd and PdAg alloys at different hydrogen concentrations.
To simplify the experiment we employed the inverse kinematics reaction 1 H( 7 Li,α) 4 He and measured emitted α particles at a backward angle of 150°. In inverse kinematics the reactions occur on average deeper in the target at the same center of mass energy as in normal kinematics. In this way we hoped to be less sensitive to surface contamination than in the 2 H+ 2 H reaction. The 7 Li + beams with energies between 0.34 and 1.05 MeV were accelerated by the Tandetron accelerator at Jožef Stefan Institute. To detect α particles we used a 100 µm thick silicon detector with an area of 300 mm 2 placed 42 mm from the target. The solid angle Ω embraced by the detector was about 1% of 4π. The detector was covered by a 3 µm thick Al foil to prevent scattered beam particles from hitting the detector. The metallic targets were 100 to 150 µm thick. The summary of all used targets is given in table 1. Before the experiment the targets were soaked in hydrogen gas at 1 bar. Different soaking times resulted in different hydrogen concentrations in the targets. Hydrogen concentrations were determined by elastic recoil detection analysis (ERDA), where the target was tilted by 75° and elastically scattered protons measured at 30° with respect to the 7 Li 2+ beam with an energy of 4.3 MeV [7] . Polymide (Kapton) was used as a reference for both cross section and ERDA measurements [8] . All ERDA measurements showed a constant depth profile of hydrogen down to a depth to which these measurements are sensitive. The only deviation from this behavior was a peak on the surface of the foils. It was present in all foils, but since the number of atoms in this peak was relatively small, the surface peak only became clearly visible when hydrogen concentration in the bulk was low. The width of the peak in ERDA spectra coincides with the measurement resolution and therefore, the peak corresponds to a very thin layer at the surface. The surface peak is most likely due to hydrogen dynamics inside the foils. It disappeared only when there was no hydrogen in the bulk of the foils, i.e. after heating to 900 °C in vacuum, but reappeared with hydrogen loading. The energy loss of lithium in 4.5·10 16 hydrogen atoms/cm 2 is 850 eV at 1 MeV beam energy and 500 eV at the lowest beam energy [9] . Since this is less than the uncertainty of the beam energy, the energy loss in the surface peak was neglected in our calculations.
Measured thick target α-particle yields are shown in fig. 1 together with yields calculated as follows. A textbook definition of reaction cross section for a thin target is 2 ,
where N α is the number of detected α particles, W their angular distribution, N Li the number of Li ions, N A Avogadro's number and ρ, x and M the density, thickness and molar mass of the target. The factor of 2 comes from two equivalent α particles produced in the reaction. ρN A x/M represents the number of hydrogen atoms in Kapton or metallic target in an area hit by the beam. For the surface peak this factor is given in column 4 of table 1. The contribution of the surface peak to the α-particle yield was evaluated using the above equation. However, the contribution of the hydrogen distributed below the surface of the metal had to be calculated by transforming eq. 3 into differential form and integrating over energies from the beam energy E 0 to 0.
Stopping power dE Li /dx was calculated using SRIM [9] , except for Kapton, where it was taken from ref. [10] . The astrophysical S factor was taken from ref. [ (5) where E is in MeV. The α-particle angular distribution was taken from ref. [11] . Electron screening effect was taken into account by replacing σ(E) with σ(E+U e ). Therefore, the bare nuclei cross section was taken from ref. [4] and the only free parameter in the fit was U e . The U e resulting from one parameter least squares fits to the data are summarized in table 1. As can be seen from table and fig. 1 b) FIGURE 1. Thick target α-particle yields for kapton, high concentration Pd and Pd 77 Ag 23 targets. Enhancement factor obtained by dividing measurements and calculation from a) is shown for Pd target in b). Calculation with U e =3.8keV as reported in ref. [4] is drawn with a dashed line.
The measurements on targets that contained low concentrations of hydrogen were hampered by the presence of a large peak of hydrogen concentration on the metallic surface. The contribution of this peak to the α-particle yield is very similar to the electron screening effect, which enhances low energy yields more than the high energy ones. Surface peak, therefore, masks electron screening. Nevertheless, U e could be fitted also for low concentration targets. Although the measured points did not follow the predicted energy dependence, for the Pd 75 Ag 25 and Pd 51 Ag 49 foils U e differed from zero by more than its fitting error. The values U e =2.2±1.1 and 4.1±1.4 keV fitted for these two targets, respectively, agree well with the value of 3.8±0.3 keV measured for the Pd 99 Li 1 alloy in ref. [4] . This gives us a hint that the electron screening effect might depend on hydrogen concentration in the metal. The large error bar from the U e fit of the low concentration Pd target would still allow for large screening. On the other hand, these measurements could not confirm the dependence of electron screening on the Hall coefficient of the metal, since in this case we expected the lowest U e value in the Pd 51 Ag 49 alloy which has the lowest Hall coefficient.
To conclude, we have measured cross sections for the 1 H( 7 Li,α) 4 He reaction with lithium beam energies between 0.34 and 1.05 MeV. Hydrogen was loaded into Pd and PdAg alloy targets. At high hydrogen concentrations in the targets no electron screening was observed. No screening was observed also in hydrogen on the surface of the metal. The measurents at low hydrogen concentrations gave inconclusive results that nevertheless indicate a possible concentration dependence of electron screening. We could not confirm the dependence of electron screening on the Hall coefficient of the metal. Our future work will turn to Ni targets, where we do not expect a prominent hydrogen concentration peak on the surface, and to Pd targets prepared with hydrogen implantation. 
